Deformation Characteristics of Concrete Elements with Content of Plastic Aggregate  by Križma, Martin et al.
 Procedia Engineering  65 ( 2013 )  25 – 32 
Available online at www.sciencedirect.com
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of University of Zilina, Faculty of Civil Engineering, Department of Structures and Bridges
doi: 10.1016/j.proeng.2013.09.006 
ScienceDirect
&RQFUHWHDQG&RQFUHWH6WUXFWXUHV&RQIHUHQFH
'HIRUPDWLRQ&KDUDFWHULVWLFVRI&RQFUHWH(OHPHQWVZLWK&RQWHQWRI
3ODVWLF$JJUHJDWH
0DUWLQ.ULåPDD-DURPtU3HWUåDODD0DUHN.RYDþRYLFD
D,QVWLWXWHRI&RQVWUXFWLRQDQG$UFKLWHFWXUH6$6'~EUDYVNiFHVWD%UDWLVODYD6ORYDN5HSXEOLF

$EVWUDFW
,Q WKH ,QVWLWXWH RI&RQVWUXFWLRQ DQG$UFKLWHFWXUH 6$6 ,&$6$6ZH DUH FRQFHUQHGZLWK DQ LQYHVWLJDWLRQ RIPHFKDQLFDO DQG
SK\VLFDOSURSHUWLHVRIFHPHQWFRPSRVLWHVZLWKFRQWHQWRIDFUXVKHGSODVWLFDJJUHJDWH3$VLQFH>@%HWZHHQ\HDUV
DQGWKHSURMHFWRIWKH(XURSHDQ(FRQRPLF$UHD(($SURMHFW1R6.Ä'HYHORSPHQWRIFHPHQWFRPSRVLWHVIURP
HOHFWULF DQG HOHFWURQLF SODVWLFZDVWH IRU DSSOLFDWLRQ LQ EXLOGLQJ LQGXVWU\³ ZDV VROYHG LQ ,&$ 6$6 >@ 7KH REWDLQHG UHVXOWV
FRQWDLQHGWKHGHVLJQVRIFHPHQWFRPSRVLWHVZLWKFRQWHQWRIDSODVWLFDJJUHJDWH&3$IRULQVXODWLQJDQGVWUXFWXUDODSSOLFDWLRQV
$OVRVRPHFRQVHFXWLYHWHFKQRORJLFDOSUREOHPVZHUHVROYHGDQGW\SLFDOPHFKDQLFDODQGSK\VLFDOSURSHUWLHVRIWKHPL[WXUHVZHUH
GHWHUPLQHG $W WKHPHFKDQLFDO SURSHUWLHVPHDVXUHPHQW DWLPH LQIOXHQFH IDFWRU ZDV WDNHQ LQWR DFFRXQW DQG WKH H[SHULPHQWDO
SURJUDPYHULILHGDOVRDERQGVWUHQJWKRIDGRPLQDQWPDWHULDOZLWKDFODVVLFUHLQIRUFHPHQW7KHREWDLQHGUHVXOWVIRUPHGLQSXWGDWD
IRUDGHVLJQRIPRGHVWVWUXFWXUDOHOHPHQWVIORRUSDQHOVRIWKHVDQGZLFKW\SHDQGSDQHOVZKHUHDFRPSRVLWHRQO\ZLWKFRQWHQWRI
3$SUHYDLOHG,QWKHFRQWULEXWLRQZHZLOOGHDOPDLQO\ZLWKDWLPHIDFWRULQIOXHQFHRQVWUDLQVDQGGHIOHFWLRQVRI&3$HOHPHQWV$W
WKH ORQJWHUP WHVWV DOVR DQ LQIOXHQFH RI DQ HQYLURQPHQW ODERUDWRU\ DQG RXWGRRU SURWHFWHG HQYLURQPHQW RQ WKH PRQLWRUHG
GHIRUPDWLRQ FKDUDFWHULVWLFV RI WHVWHG HOHPHQWV LV H[DPLQHG 1RZDGD\V WKH IURVW UHVLVWDQFH WHVWV RI WKH GRPLQDQW VWUXFWXUDO
PL[WXUHDUHSHUIRUPHG

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI8QLYHUVLW\RI=LOLQD)DFXOW\RI&LYLO(QJLQHHULQJ'HSDUWPHQWRI6WUXFWXUHV
DQG%ULGJHV
.H\ZRUGV FHPHQWFRPSRVLWHVSODVWLFDJJUHJDWHZRUNLQJFKDUDFWHULVWLFVVKRUWWHUPWHVWVLQIOXHQFHRIWLPHIDFWRUIORRUSDQHOV


-DURPtU3HWUåDOD7HO
(PDLODGGUHVVMSHWU]DOD#VDYEDVN
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of University of Zilina, Faculty of Civil Engineering, Department of Structures 
and Bridges
26   Martin Križma et al. /  Procedia Engineering  65 ( 2013 )  25 – 32 
,QWURGXFWLRQ
$ UDWLRQDO OLTXLGDWLRQ RI PXQLFLSDO ZDVWH FRQVWLWXWHV D UHOHYDQW DOOVRFLHW\ SUREOHP  HQYLURQPHQWDO DQG DOVR
HFRQRPLF RI FRXUVH  DW WKH SUHVHQW WLPH 7KH SRUWLRQ RI SODVWLFV LQ VROLGPXQLFLSDO ZDVWH VWLOO LQFUHDVHV DQG LW
UHDFKHVFLUFDE\ZHLJKWRU±E\YROXPHQRZDGD\V$SURGXFWLRQRIFRQVXPDEOHHOHFWURQLFVDQG,7
SURGXFWVFRQWLQXHVDQQXDOO\LQLWVJURZWKE\UDWHDERXW7KLVEULQJVDQHQKDQFHPHQWYROXPHRIWKHHOHFWURQLF
ZDVWH$VLPLODUVLWXDWLRQLVLQWKHDXWRPRELOHLQGXVWU\WKHSRUWLRQRISODVWLFVLQWKDWVFUDSLVFLUFDE\
ZHLJKW 7KH EXLOGLQJ LQGXVWU\ LV LQ SUDFWLFH RQH RI WKH PDQXIDFWXULQJ LQGXVWULHV ZKHUH PL[HG SODVWLFV IURP WKH
PHQWLRQHGNLQGVRIZDVWHFDQEHDSSOLHGLQDPDMRUDPRXQW7KHPL[HGSODVWLFZDVWHPDNHVDUHOHYDQWSRWHQWLDOIRU
WKHSURGXFWLRQRIOLJKWZHLJKWDJJUHJDWHVRUIRULPSURYLQJRIWKHUPDOLQVXODWLRQSDUDPHWHUVRIFRQFUHWHSURGXFWVDV
ZHOO DV EXLOGLQJ FRQVWUXFWLRQV WKHPVHOYHV 6LPXOWDQHRXVO\ VDYLQJ RI QDWXUDO VRXUFHV RI DQ DJJUHJDWH LV D QRQ
QHJOLJLEOHDGGHGYDOXHRIWKH3$DSSOLFDWLRQLQFHPHQWFRPSRVLWHV
$FFRUGLQJWRWKHHVWLPDWHVPDGHLQWKHPLGGOHRIWKH¶VUHVRXUFHVRIWKHPLQHGDJJUHJDWHLQ6ORYDNLDVKRXOG
KDYH EHHQ VXIILFLHQW IRU  \HDUV >@ ,W LPSOLHV WKDW WKH EXLOGLQJ LQGXVWU\ LQ 65 LV DOUHDG\ QRZ IRUFHG WR
DFFRPPRGDWH WR WKH JLYHQ VLWXDWLRQ DQG DW OHDVW SDUWLDOO\ WR VZLWFKRYHU WR WKH SURGXFWLRQ DQG XWLOL]DWLRQ RI
DOWHUQDWLYHDJJUHJDWHNLQGVOLNHWKHFUXVKHGDJJUHJDWHRUDJJUHJDWHVIURPZDVWH1RZDGD\VHQYLURQPHQWDODVSHFWV
OLNH WKH VRLO DQGZDWHU VRXUFHVSURWHFWLRQFOHDUO\SURPRWH DJURZWKRI WKHDOWHUQDWLYHDJJUHJDWHVXWLOL]DWLRQDW WKH
H[SHQVHRIWKHLQGXVWULDOPLQLQJRIJUDYHOVDQGV
$ GLVDGYDQWDJH RI WKH SODVWLF DJJUHJDWH LV LWV SULFH ZKLFK LV REYLRXVO\ KLJKHU LQ FRPSDULVRQ ZLWK WKH PLQHG
DJJUHJDWH+RZHYHUWKHSULFHRIWKHSODVWLFDJJUHJDWHVKDOOSUREDEO\JUDGXDOO\GHFUHDVHIRUWKHH[SHFWHGJURZWKRI
LWVSURGXFWLRQDQGDOVRFRQVXPSWLRQ
$V WKH JUHDWHVW GLVDGYDQWDJH RI WKHSODVWLF DJJUHJDWHZKLFK LQSUHVHQW GD\VGHFHOHUDWHV LWVZLGHU XVDJH DW WKH
SURGXFWLRQRI&3$FDQEH UHJDUGHG WKH IDFW WKDW WKHUHGRHVQRWH[LVW DQ\VSHFLDO QRUPGLUHFWLYHRUSUHVFULSWLRQ
ZKLFKZRXOGVSHFLILHGWKHFUXVKHGSODVWLFZDVWHDVDQDJJUHJDWHWRFRQFUHWH:HWULHGWRUHVSRQGWRWKHGHVFULEHG
SUREOHPVRIWKH3$DSSOLFDWLRQLQWKHEXLOGLQJLQGXVWU\LQWKHPHQWLRQHGSURMHFW(($PL[WXUHVGHVLJQFRPSOH[
H[DPLQDWLRQRIWKHLUPHFKDQLFDODQGSK\VLFDOIHDWXUHVVROXWLRQRIVRPHWHFKQRORJLFDOSUREOHPVDWRSWLPL]DWLRQRI
WKH UHDO&3$GHVLJQ ,Q WKLV SDSHUZHZLOO IRFXVPDLQO\ RQPHFKDQLFDO SURSHUWLHV RI&3$7KHREWDLQHG UHVXOWV
VHUYHGDVLQSXWGDWDIRUH[SHULPHQWVZLWKWKHPRGHVWVWUXFWXUDOHOHPHQWVIORRUSDQHOV

([SHULPHQWDOSURJUDP
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PL[WXUH5&ZDVEDVLFFRPSDUDWLYH  WKHFRPSRVLWHZLWK WKHFODVVLFPLQHGDJJUHJDWH7KHPL[WXUHV&/DQG&$/
FRQWDLQHG/(&$FRPPHUFLDOQDPH /LDSRU WKHRWKHUPL[WXUHVFRQWDLQHG3$7KHPL[WXUHV&/DQG&$/ZHUH
PDGH IRU WKH VDNHRI SK\VLFDO SURSHUWLHV FRPSDULVRQ ,Q DOO FDVHV EDVLFPHFKDQLFDO SURSHUWLHVZHUH H[DPLQHG DW
VKRUWWHUP ORDG DFFRUGLQJ WR WKH FRQWHPSRUDU\ SUHVFULSWLRQV $Q RYHUYLHZ RI PHFKDQLFDO SURSHUWLHV RI DOO WKH
FRPSRVLWHVZLWKLQWURGXFHGYDOXHVRIWKHSRUWLRQ3$$$WRWDOYROXPHRIDQDJJUHJDWHFDQEHIRXQGLQ>@$W
WKHSUHVHQWDWLRQZHZLOOFRQILQHWRWKHPL[WXUHV)*+DQG5&ZKLFKZHUHXVHGDWWKHIORRUSDQHOVGHVLJQ7KH
PL[WXUHV)*3DQG3FRQWDLQDSODVWLFEUDVKIURP3&DQG79PRQLWRUV7KHPL[WXUH+FRQWDLQVPDWHULDOIURP
LQQHUFRPSRQHQWVRI3&SULQWHGFLUFXLWVLQWKLVFDVH$FRPSDULVRQRIWKHPL[WXUHV3DQG3UHIOHFWVDQLQIOXHQFH
RIVXUIDFHPRGLILFDWLRQRI3$RQWKHPHFKDQLFDOSURSHUWLHV

%DVLFPHFKDQLFDOSURSHUWLHVRIFHPHQWFRPSRVLWHV±VKRUWWHUPWHVWV

7KH DYHUDJH YDOXHV RI WKH EDVLF PHFKDQLFDO SURSHUWLHV RI WKH PL[WXUHV DUH SUHVHQWHG LQ 7DEOH  7KHPXWXDO
FRPSDULVRQUHYHDOVWKDWWKHPL[WXUH+UHDFKHVFFDRIWKHFRPSUHVVLYHVWUHQJWKYDOXHVRIWKHPL[WXUHV)DQG
*WKHWHQVLOHVWUHQJWKYDOXHVDUHDSSUR[LPDWHO\HTXLYDOHQW7KHPL[WXUHV3LL YHULI\DQLQIOXHQFHRIWKH3$
VXUIDFHPRGLILFDWLRQDFFRUGLQJWR>@RQWKHLUPHFKDQLFDOSURSHUWLHV7KHPL[WXUH3ZLWKWKHVXUIDFHPRGLILHG3$
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KDV KLJKHU YDOXHV RI DOO WKH H[DPLQHGPHFKDQLFDO TXDQWLWLHVZKLOH WKH EXON GHQVLWLHV RI 3 DQG3 DUH FLUFD WKH
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VWUHQJWK EHWZHHQ VXUIDFH RI 3$ DQGFHPHQW SDVWH  SODVWLFV DUH XVXDOO\ K\GURSKRELF PDWHULDOV 3URFHVVLQJ E\
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)LJ9HULILFDWLRQRIERQGVWUHQJWKIRUWKHPL[WXUH)±D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FHUWLI\ WKH IDFW WKDW WKH FRPSUHVVLYH WHVWV UHVXOWV KDYH QRW WR EH GHFLVLYH IRU FODVVLILFDWLRQ RI FRPSRVLWHV WR WKH
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WHVWVRIDV\PPHWULFDOUHLQIRUFHGHOHPHQWV,QRXUFDVHWKHSULVPVZLWKWKHGLPHQVLRQV[[PPDQG
ZLWKWKHLQVHUWHGUHLQIRUFHPHQWRIDSHULRGLFVXUIDFHZLWKWKHGLDPHWHUIPPZHUHXVHGDVWULDOHOHPHQWV7KH
KHLJKW RI WKH SULVPV K DQG WKH UHLQIRUFHPHQW FRYHUDJH DF    PP FRUUHVSRQGHG WR WKH VXSSRVHG JHRPHWULF

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FKDUDFWHULVWLFVRIWKHVXJJHVWHGIORRUSDQHOV7KHUHVXOWVRIWKHPHDVXUHPHQWVDQGWKHUHJUHVVLRQFXUYHVDUHGHSLFWHG
LQ)LJ
)LJ7LPHIDFWRULQIOXHQFHDWVKULQNDJH±DIUHHVKULQNDJHVWUDLQVEUHVWULFWHGVKULQNDJHFXUYDWXUHV

$VWKHUHJUHVVLRQFXUYHWKHIROORZLQJWKUHHSDUDPHWULFK\SHUEROLFIXQFWLRQZDVXVHG





ZKHUH WKHSDUDPHWHUDGHILQHVDQ LQLWLDO DYHUDJH VWUDLQHRUFXUYDWXUHU7KHSDUDPHWHUE FKDUDFWHUL]HVJURZWKRI
VWUDLQ RU FXUYDWXUH LQ WLPH7KH VXPRI WKHVH SDUDPHWHUV D E WKHQ UHSUHVHQWV WKH OLPLWLQJ YDOXH RI WKH JLYHQ
TXDQWLW\ LQ WKH WLPH Wĺf 7KH TXDQWLW\ YDOXH HTXDO WR WKH VXP D E FRUUHVSRQGV WR WKH WLPH ZKLFK LV
XVXDOO\FDOOHGWKHKDOIWLPHDQGLWLVGHQRWHGE\WKHV\PEROF)LJDFRUUHVSRQGVWRWKHIUHHVKULQNDJHDQGUHYHDOV
UHOHYDQWGLIIHUHQFHVRI VWUDLQV IRU WKHPL[WXUH+DQG WKH UHIHUHQFHFRQFUHWH5&)LJEFRUUHVSRQGV WR WKH WHVWV
ZLWKWKHUHVWULFWHGSRVVLELOLW\RIVKULQNDJHRQWKHORZHUHGJHRIWKHWULDOHOHPHQWV7KHFXUYDWXUHUZDVFDOFXODWHG
IURPWKHVWUDLQV7KHWLPHIDFWRULQIOXHQFHRQWKHFXUYDWXUHLVGHSLFWHGLQ)LJE7KHLPSRUWDQWVWDWHPHQWLVWKDWWKH
WLPHHYROXWLRQRIWKHFXUYDWXUHU LVDSSUR[LPDWHO\FRQVWDQWIRU W!GD\VDQGWKHYDOXHVRIHVKIRUWKH5&DUH
QHJOLJLEOHLQFRPSDULVRQZLWKWKHPL[WXUH+7KHSDUDPHWHUVRIWKHUHJUHVVLRQIXQFWLRQIRUERWKPL[WXUHVDUHLQ
7DEOH

7DEOH3DUDPHWHUVDEFRIK\SHUEROLFUHJUHVVLRQIXQFWLRQVWUDLQHVKWDQGFXUYDWXUHUVKWLQWLPHW FDQGWĺfVKULQNDJHRIHOHPHQWV

)UHHVKULQNDJH
'HQRPLQDWLRQRIWKH
PL[WXUH
D
Å
E
Å
F
GD\V
HVKF
Å
HVKf
Å
+     
5&     
&XUYDWXUHLQGXFHGE\UHVWULFWHGVKULQNDJH    
'HQRPLQDWLRQRIWKH
PL[WXUH
D
NP
E
NP
F
GD\V
UVKF
NP
UVKf
NP
+     
5&     

&UHHSRI&3$HOHPHQWV

$QLQIOXHQFHRIWKHWLPHIDFWRURQVWUDLQVDQGDFDUU\LQJFDSDFLW\RIH[SHULPHQWDOVSHFLPHQVPDGHIURPWKH&3$
PL[WXUHV)*+DQGIURPWKHUHIHUHQFHPL[WXUH5&ZDVH[DPLQHGDWWZRORDGLQJOHYHOVJ DQG$WWKH
ERWK OHYHOV WKH VWUDLQV RI WKH WULDO SULVPVZHUHPHDVXUHG LQ FRPSUHVVLRQ LQ WKH VDPH ODERUDWRU\ FRQGLWLRQV 7KH
WF
WED\  
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ORDGLQJDWJ DSSUR[LPDWHO\FRUUHVSRQGHGWRWKHUDWLRRIVHUYLFHDQGGHVLJQLQJYDOXHVLQFRPSUHVVLRQDFFRUGLQJ
WR>@ODWHUUHSODFHGE\>@$QLQIOXHQFHRIDWHVWLQJHQYLURQPHQWRQVWUDLQVDWWKHOHYHOJ LVGHVFULEHGHJ
LQ>@
,Q)LJLWFDQEHVHHQWKHWLPHGHSHQGHQFHVRIVWUDLQVLQFRPSUHVVLRQ7KHSDUDPHWHUVRIWKHUHJUHVVLRQFXUYH
DUHSUHVHQWHGLQ7DEOH7KHH[SHULPHQWDOUHVXOWVGHPRQVWUDWHWZRIDFWV7KHVWUDLQVYDOXHVIRUFUHHSLQ
FRPSUHVVLRQIRUWKH&3$DUHVLJQLILFDQWO\JUHDWHUWKDQWKHRQHVIRUFRPSDUDWLYHFRQFUHWH5&ZKLFKKDVDOOWKH
DYHUDJHZRUNLQJPHFKDQLFDOSURSHUWLHVJUHDWHUWKDQWKH&3$7KHGLIIHUHQFHEHWZHHQPHDVXUHGVWUDLQVIRUWKHORDG
OHYHOVȖ LVORJLFDODQGLWFRUUHVSRQGVWRDFRPPRQH[SHULHQFH
)LJ&UHHSVWUDLQVYVWLPHDWWKHORDGLQJOHYHOVJ 
7DEOH3DUDPHWHUVDEFRIK\SHUEROLFUHJUHVVLRQIXQFWLRQVWUDLQHFUWLQWLPHW FDQGWĺfIRUORDGLQJOHYHOJFUHHSRIHOHPHQWV
'HQRPLQDWLRQRIWKH
PL[WXUH
J

D
Å
E
Å
F
GD\V
HFUF
Å
HFUf
Å
)      
*      
+      
+      
5&      
5&      

([SHULPHQWDOUHVHDUFKRIIORRUSDQHOV

'HVLJQRIIORRUSDQHOV

7KHREWDLQHGUHVXOWVLQWURGXFHGLQWKHVHFWLRQVDQGIRUPHGLQSXWGDWDIRUDIORRUSDQHOVGHVLJQ:HXVHG
WKHVWUXFWXUDOVWDQGDUGV>@DWWKHGHVLJQDQGDVHUYLFHORDGZDVGHWHUPLQHGRQEDVLVRIORDGYDOXHVDFFRUGLQJWR
>@
5DWLRQDOO\WKHUHDUHWZRDOWHUQDWLYHVLQZKLFKWKHSDQHOVFDQEHGHVLJQHG
x V\PPHWULFDOO\UHLQIRUFHGSDQHOZLWKD&3$DVDGRPLQDQWPDWHULDOWKHORZHUUHLQIRUFHPHQWVHUYHVDVDEHDULQJ
RQHWKHXSSHUUHLQIRUFHPHQWPLQLPL]HVWKHVKULQNDJHHIIHFWV
x DV\PPHWULFDOO\UHLQIRUFHGSDQHOWKHORZHUOD\HUZLWKWKHKHLJKW PPDVLQWKHIRUPHUFDVHWKHXSSHUOD\HU
ZLWKWKHKHLJKWK PPLVIURPWKH5&DQGPLQLPL]HVWKHVKULQNDJHHIIHFWV
7KHWKHRUHWLFDOVSDQRIWKHSDQHOVZDVO PPLQWKHERWKFDVHV



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7HVWVRIIORRUSDQHOV

$W WKH VKRUWWHUP WHVWV IRXUSRLQW ORDGVXEVWLWXWHV UHDOXQLIRUP ORDG WKH VDQGZLFK W\SHSDQHOV UHDFKHGEHWWHU
UHVXOWV LQ OLJKW RI WKHLU UHVLVWDQFH DQG VHUYLFHDELOLW\ 7KH PL[WXUH ) DSSHDUV PRUH FRQYHQLHQW DV WKH GRPLQDQW
PDWHULDOIURPWKHSRLQWRIYLHZRIVHUYLFHDELOLW\OLPLWVWDWHV7KLVW\SHRISDQHOVZDVXVHGIRUWKHORQJWHUPWHVWV
'HSHQGHQFHVRIGHIOHFWLRQDRQORDGLQJIRUFH)DWWKHVKRUWWHUPWHVWVDUHLQ)LJ


)LJ)ORRUSDQHOV±DV\PPHWULFDOO\UHLQIRUFHG±GHIOHFWLRQDWRWYVORDGLQJIRUFH)EDV\PPHWULFDOO\UHLQIRUFHGVDQGZLFKW\SH±
GHIOHFWLRQDWRWYVORDGLQJIRUFH)

2Q EDVLV RI WKH VKRUWWHUP WHVWV RI WKH SDQHOV WKH ORQJWHUP WHVWV ZHUH UHDOL]HG 7KH\ FRQVLVWHG IURP WKH
IROORZLQJORDGLQJVWDWHV
DWZRSDQHOVXQORDGHGLQDODERUDWRU\HQYLURQPHQW
EWZRSDQHOVORDGHGLQDODERUDWRU\HQYLURQPHQW
FWZRSDQHOVXQORDGHGLQDSURWHFWHGRXWGRRUHQYLURQPHQWLQIOXHQFHRIWHPSHUDWXUHDQGKXPLGLW\
GWZRSDQHOVORDGHGLQDSURWHFWHGRXWGRRUHQYLURQPHQWLQIOXHQFHRIWHPSHUDWXUHDQGKXPLGLW\
7KHFXUUHQWUHVXOWVFRUUHVSRQGLQJWRWKHVHFWLRQ±DEFRQHFDQILQGLQ>@:HZLOOFRPSOHWHWKHPE\
UHVXOWV RI WKH WHVWV G :RUNLQJ GLDJUDPV  WLPH HYROXWLRQ RI DWRWDO GHIOHFWLRQ DWRW DQG FKDUDFWHULVWLFV RI DQ
HQYLURQPHQWKXPLGLW\DQGWHPSHUDWXUHDUHGHSLFWHGLQ)LJ

)LJ)ORRUSDQHOVDFFRUGLQJWRWKHOD\RXWG±DGHIOHFWLRQVDWRWEWHPSHUDWXUHDQGUHODWLYHKXPLGLW\RIDQHQYLURQPHQW

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
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&RQFOXVLRQV

7KHDPRXQWRIWKHWHVWHGPL[WXUHVW\SHVZLWK3$LQGLFDWHVDSRVVLELOLW\RIVHOHFWLRQRIDFRQYHQLHQWPL[WXUHIRUD
GHVLJQHURQWKHEDVLVRIGHPDQGHGPHFKDQLFDODQGSK\VLFDOFKDUDFWHULVWLFV
)URP WKH SRLQW RI YLHZ RI OLPLWLQJ VHUYLFHDELOLW\ VWDWHV DQG DOVR IURP WKH WHFKQRORJLFDO SRLQW RI YLHZ WKH
VDQGZLFKW\SHSDQHOVDUHPRUHFRQYHQLHQWWKDQWKHGRXEOHUHLQIRUFHGSDQHOVZLWKDGRPLQDQWFRPSRVLWHRIWKH&3$
W\SH7KH\DUHPDUNHGO\RQWKHVLGHRIVDIHW\DJDLQVWWKHQRUPDWLYHYDOXHV
7KH UHVXOWV RI WKH ORQJWHUP WHVWV IRU WKH LQWURGXFWRU\ ORDGLQJ VWDWHV DUH RQ WKH VLGH RI VDIHW\ DJDLQVW WKH
QRUPDWLYHFULWHULRQV7KHSDUWLDOUHVXOWVFRUUHVSRQGLQJWRWKHWHVWVLQRXWGRRUHQYLURQPHQWLQGLFDWHWKHUHTXLUHPHQW
RI EURDGHQLQJ RI WKH H[SHULPHQWV E\ IURVW UHVLVWDQFH WHVWV 7KHVH WHVWV DUH EHLQJ SUHSDUHG DQGPRUHRYHU ZHZLOO
EURDGHQWKHLVVXHDOVRE\H[SHULPHQWVGHDOLQJZLWKILUHUHVLVWDQFH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWRWKH6ORYDN*UDQW$JHQF\9(*$IRULWVVXSSRUWWRZDUGVWKLVZRUN*UDQWV1R

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